Display Device and 
Method of Manufacturing Display Device 



BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a display 
device with enhanced connection reliability between 
terminals on the insulating substrate and a drive 
circuit directly mounted thereon, and a method of 
10 manufacturing the display device, which are 

particularly effective in application to liquid 
crystal display devices. 

Description of the Related Art 

15 One advanced application that has been 

developed as a low-cost manufacturing method of 
display devices, such as liquid crystal display 
devices, is Chip-On-Grass (COG), in which a drive 
circuit is mounted directly on an insulating 

20 substrate. This technique directly attaches a drive 

circuit where Au bumps are created to terminals 
formed on the periphery of an insulating substrate 
with a conductive material such as an anisotropic 
conductive film (ACF) . When using this technique, 

25 a power line and signal lines for driving the drive 

circuit are connected to the terminals (bumps) formed 
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on the drive circuit through the ACF. Since a number 
of bumps are formed on the drive circuit with small 
pitch, the pitch of the power line or the signal lines 
formed on the insulating substrate is narrowed 
5 accordingly. This increases line resistance and 

causes defects such as malfunction of the drive 
circuit . 

One technique for solving the above problem in 
conventional COG display devices is disclosed in 

10 Japanese Unexamined Patent Application Publication 

11-52405 and illustrated in Fig. 2, for example. 
This technique covers line parts on a cell of a display 
element with metallic plating and/or vapor 
deposition. The electrical junction to a glass 

15 substrate is not covered with the metallic plating 

and/or vapor deposition, thereby allowing the 
observation of the connections to the glass substrate. 
Since the metallic plating and/or the vapor 
deposition are performed only on a power source line 

20 and a ground line to a drive circuit and a pressurizing 

line, it is able to reduce the resistance to the lines. 

Another conventional technique is disclosed in 
Japanese Unexamined Patent Application Publication 
2002-244151 and illustrated in Fig. 9, for example. 

25 This technique forms a plurality of terminals on a 

substrate and covers the terminals with a protective 



2 



! 



film having pad contact holes corresponding to the 
terminals. With the protective film having the pads 
for connection with a drive circuit, it is able to 
achieve good contact characteristics. 
5 Though the above conventional techniques 

provide the structures of display devices with a 
drive circuit mounted directly on the terminals of 
an insulating substrate, they do not provide the 
structure for suppressing the increase in contact 

10 resistance due to the material of the lines and 

terminals of the insulating substrate. When 
mounting the drive circuit on the insulating 
substrate by the COG technique, it is difficult to 
form large line patterns of the power line and signal 

15 lines in the area where the drive circuit is mounted 

for resistance reduction, as described above. 
Particularly, since the power line and the signal 
lines transmit, to the drive circuit, input signals 
supplied from outside through a flexible circuit 

20 substrate and the lines and terminals on the 

insulating substrate, their resistance should be low. 
Otherwise, it causes low voltage supply capacity or 
voltage drop in the power line, delay in the signal 
lines, and so on, which leads to malfunction of the 

25 drive circuit. To prevent this, a conductive film 

with relatively low resistance, such as Al , is used 
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as the material of these lines. On the other hand, 
lines connected to the lines in a display area of the 
insulating substrate where pixels are to be formed 
do not necessarily have such a low resistance. Thus, 
5 a conductive film with relatively high resistance, 

such as Cr, is used as the material of the lines. 

In the case of connecting the terminal of the 
drive circuit and the terminal of the insulating 
substrate through a conductive material such as ACF, 

10 the terminal of the insulating substrate is often 

formed with a transparent conductive film connected 
to a metal material of the lines. The power line and 
the signal lines extending from the external flexible 
circuit substrate through the lines and terminals on 

15 the insulating substrate to the drive circuit are 

made of a low resistance material such as Al as 
described above. Thus, the contact resistance 
undesirably increases between the transparent 
conductive film made of Indium Tim Oxide, ( I TO) , Sn0 2 , 

20 and so on and the low resistance material such as Al . 



SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the 
present invention to provide a secure electrical 
25 connection between the drive circuit and the 

terminals on the insulating substrate in the display 
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device with the drive circuit mounted directly on an 
insulating substrate, thereby enhancing connection 
reliability. 

To these ends, according to one aspect of the 
5 present invention, there is provided a display device 

including lines connected to pixels formed on an 
insulating substrate; a lead line connected to at 
least one of the lines in a peripheral area of the 
insulating substrate different from a display area 

10 comprising the pixels; a line terminal connected to 

at least one of the lead line and connected to a 
terminal of a drive circuit mounted directly in the 
peripheral area of the insulating substrate by a 
conductive material through a transparent conductive 

15 film; an external terminal formed on a periphery of 

the peripheral area of the insulating substrate, to 
be connected to an external unit; an external line 
connected to at least one of the external terminal; 
and an external line terminal connected to at least 

20 one of the external line and connected directly to 

a terminal of the drive circuit by a conductive 
material, wherein a surface of the line terminal to 
be connected to the transparent conductive film is 
formed by a high resistance conductive film, and a 

25 surface of the external line terminal to be connected 

to the terminal of the drive circuit by the conductive 
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material is formed by a low resistance conductive 
film. This structure can enhance connection 

reliability between the terminals of the drive 
circuit and the terminals on the insulating substrate 
5 without increasing contact resistance. 

In this display device, the high resistance 
conductive film may be Cr, Ti, Ta, Mo, W, Ni, an alloy 
of those metals, or a laminated film of those metals. 
The low resistance conductive film may be Al, Cu, Au, 

10 Ag, an alloy of those metals, or a laminated film of 

those metals. The low resistance conductive film is 
preferably Al or an alloy of Al . 

The external line and the external line terminal 
are preferably formed by the same layer of a 

15 conductive film as a scan line for driving the pixels. 

Further, the lead line and the line terminal are 
preferably formed by the same layer of a conductive 
film as a signal line crossing a scan line for driving 
the pixels through an insulating film. The 

20 transparent conductive film is preferably formed by 

the same layer of a conductive film as a pixel 
electrode of the pixel. 

A terminal of the drive circuit and a terminal 
of an adjacent drive circuit are preferably connected 

25 to each other in such a way that each of the terminals 

is directly connected to the low resistance 
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conductive film by a conductive material in a near 
proximity to each of sides of the drive circuits 
facing each other. Terminal of the drive circuit 
connected to the line terminal through the 
transparent conductive film may be formed in a near 
proximity to a side of the drive circuit close to the 
di splay area . 

The external terminal may be formed in an area 
between the drive circuit and the adjacent drive 
circuit . 

The external terminal is preferably connected 
directly to an external unit by a conductive material 
formed in the same step as the conductive material 
used for connecting the terminals of the drive 
circuit mounted directly in the insulating substrate 
to the line terminal and to the external line 
terminal . 

It is preferred that the terminal of the drive 
circuit connected to the line terminal by the 
conductive material through the transparent 
conductive film and the terminal of the drive circuit 
connected directly to the external line terminal by 
the conductive material have a difference in height, 
which is substantially equal to a difference in 
height of the transparent conductive film on the line 
terminal, and the external line terminal, formed 



above the insulating substrate and connected 
respectively to the terminals of the drive circuit. . 

According to another aspect of the present 
invention, there is provided a method of 
5 manufacturing a display device including lines 

connected to pixels formed on an insulating substrate, 
a lead line connected to at least one of the lines 
in a peripheral area of the insulating substrate 
different from a display area comprising the pixels, 

10 an external terminal formed on a periphery of the 

peripheral area of the insulating substrate, to be 
connected to an external unit, and an external line 
connected to at least one of the external terminal, 
having the steps of forming a line terminal connected 

15 to at least one of the lead line in the peripheral 

area of the insulating substrate by depositing and 
patterning a high resistance conductive film; 
forming an external line terminal connected to at 
least one of the external line by depositing and 

20 patterning a low resistance conductive film; 

connecting the line terminal and a terminal of a drive 
circuit directly mounted in the insulating substrate 
by a conductive material through a transparent 
conductive film; and connecting the external line 

25 terminal and a terminal of the drive circuit directly 

by a conductive material. This method can enhance 
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connection reliability between the terminals of the 
drive circuit and the terminals on the insulating 
substrate without increasing contact resistance. 

In this method, the high resistance conductive 
5 film may be Cr, Ti, Ta, Mo, W, Ni, an alloy of those 

metals, or a laminated film of those metals. The low 
resistance conductive film may be Al, Cu, Au, Ag, an 
alloy of those metals, or a laminated film of those 
metals. The low resistance conductive film is 

10 preferably Al or an alloy of Al . 

The external line and the external line terminal 
are preferably formed in the same step as forming a 
scan line for driving the pixels. Further, the lead 
line and the line terminal are preferably formed in 

15 the same step as forming a signal line crossing a scan 

line for driving the pixels through an insulating 
film. The transparent conductive film is preferably 
formed in the same step as forming a pixel electrode 
o f the pixel . 

20 The above method of manufacturing a display 

device may further comprises a step of connecting a 
terminal of the drive circuit and a terminal of an 
adjacent drive circuit in such a way that each of the 
terminals is directly connected to the low resistance 

25 conductive film by a conductive material in a near 

proximity to each of sides of the drive circuits 
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facing each other. 

The external terminal is preferably connected 
directly to an external unit by a conductive material 
formed in the same step as the conductive material 
used for connecting the terminals of the drive 
circuit mounted directly in the insulating substrate 
to the line terminal and to the external line 
terminal . 

The above and other objects, features and 
advantages of the present invention will become more 
fully understood from the detailed description given 
hereinbelow and the accompanying drawings which are 
given by way of illustration only, and thus are not 
to be considered as limiting the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a display device 
according to the first embodiment of the present 
invention . 

Fig. 2 is a cross-sectional view along line 
II-II in Fig 1. 

Fig. 3 is a plan view of a drive circuit mounting 
area of a display device according to the second 
embodiment of the present invention. 

Fig. 4 is a cross-sectional view along line 
IV-IV in Fig 3. 
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Fig. 5 is a plan view of a drive circuit mounting 
area of a display device before a drive circuit is 
mounted according to the third embodiment of the 
present invention . 
5 Fig. 6 is a plan view of a drive circuit mounting 

area of another display device before a drive circuit 
is mounted according to the third embodiment of the 
present invention . 

Fig. 7 is a cross-sectional view of a drive 
10 circuit mounting area of a display device according 

to the fourth embodiment of the present invention. 

Fig. 8 is a plan view of a drive circuit mounting 
area of a display device before a drive circuit is 
mounted according to the fifth embodiment of the 
15 present invention. 

Fig. 9 is a plan view of a drive circuit mounting 
area of a display device before a drive circuit is 
mounted according to the sixth embodiment of the 
present invention . 
20 Fig. 10 is a cross-sectional view of a drive 

circuit according to the seventh embodiment of the 
present invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 EMBODIMENT 1 

The first embodiment of the present invention 
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will be explained hereinafter with reference to Figs. 

1 and 2. Fig. 1 is a plan view of a display device 
according to the first embodiment of this invention 
and Fig. 2 is a cro s s - s ec t i ona 1 view along line II-II 

5 in Fig. 1. As shown in Fig. 1, the display device 

has an insulating substrate 1 having a display area 

2 consisting of pixels. A color filter substrate 3, 
which serves as a counter substrate, is placed face 
to face with the insulating substrate 1 with liquid 

10 crystal interposed therebetween. On the peripheral 

area of the insulating substrate 1 outside of the 
display area are mounted a signal line drive circuit 
4 comprising the lines to be connected to the pixels 
and connected to signal lines for supplying signals 

15 and a scan line drive circuit 5 comprising the lines 

connected to the pixels for driving the pixels. 
Further, a flexible substrate 6 is attached to the 
periphery of the insulating substrate 1 so as to 
supply power or input signals to the drive circuits 

20 4 and 5 from outside of the insulating substrate 1. 

Now, the method of manufacturing the display 
device according to the present invention will be 
explained hereinafter with reference to Fig. 2 . Fig. 
2 is a cross-sectional view along line II-II of Fig. 

25 1. On the insulating substrate 1 made of a glass, 

for example, a low resistance conductive film made 
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of Al, Cu, Au, or Ag, an alloy of those metals, or 
a laminated film of those metals is deposited by 
sputtering and so on. The film is then patterned by 
photolithography and the like. A scan line to be 
connected to a gate electrode of a thin film 
transistor is thereby formed. Also formed are an 
external terminal 8 and an external line 9 to be 
connected to the flexible substrate 6 for supplying 
power and signals from outside to the insulating 
substrate 1, and an external line terminal 10 to be 
connected directly to a terminal 7 of the signal line 
drive circuit 4 with a conductive material, as 
described later. The external line terminal 10, the 
external line 9, and the external terminal 8, 
including the surface of the external line terminal 
10 to be connected directly to the terminal 7 of the 
signal line drive circuit 4 by the conductive 
material, are formed by the same layer of the flow 
resistance conductive film. 

An insulating film 11 made of SiN and so on is 
then formed. After that, a high resistance 
conductive film made of Cr, Ti, Ta, Mo, W, or Ni, an 
alloy of those metals, or a laminated film of those 
metals is deposited by sputtering and so on. The film 
is then patterned by photolithography and the like. 
A signal line to be connected to a source electrode 
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or a drain electrode is thereby formed. Also formed 
are a line terminal 12 to be connected to the terminal 
7 of the signal line drive circuit 4 through a 
transparent conductive film by a conductive material, 
5 as described later, and a lead line 13 to be connected 

to the lines connected to the pixels in the display 
area. The line terminal 12 and the lead line 13, 
including the surface of the line terminal 12 to be 
connected to the transparent conductive film, are 

10 formed by the same layer of the high resistance 

conductive film. 

Then, a protective film 14 made of SiN and so 
on is formed. Further, a pixel electrode 

constituting the pixel in the display area is formed; 

15 at the same time, a transparent conductive film 15 

made of ITO, Sn0 2 , and so on is formed above the line 
terminal 12. As described above, the external 
terminal 8, the external line 9, and the external line 
terminal 10 are formed by the low resistance 

20 conductive film. If Al , Cu, Au, or Ag, an alloy of 

those metals, or a laminated film of those metals is 
used for the low resistance conductive film, when 
connecting those with the terminal 7 of the signal 
line drive circuit 4 by a conductive material 16 

25 through the transparent conductive film made of ITO, 

Sn0 2 , and so on, the contact resistance increases, 
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failing to obtain good connection characteristics. 
Hence, the transparent conductive film 15 is not 
formed above the external line terminal 10. The 
pattern for connection with the terminals 7 of the 
signal line drive circuit 4 is thereby formed on the 
insulating substrate 1. 

The high resistance conductive film in this 
specification refers to a metal material used for the 
line having a relatively high specific resistance, 
for example, 5 )jQ cm or above. The low resistance 
conductive film, on the other hand, refers to a metal 
material used for the line having a relatively low 
specific resistance, for example, less than 5 cm. 
An alloy including the above metal or a laminated film 
of the above metal is also referred to as the high 
resistance conductive film if the specific 
resistance is 5 viQ cm or above, and the low resistance 
conductive film if the specific resistance is less 
than 5 ]iQ cm. 

In the following, the process of mounting the 
drive circuit will be explained with reference to Fig. 
2. Firstly, a conductive material 16 made of AC F and 
so on is deposited to cover the external terminal 8, 
the external line terminal 10, and the line terminal 
12. The conductive material 16 is made up of a 
conductive particle 17 and an insulating epoxy resin. 
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Then, the flexible substrate 6 placed outside of the 
insulating substrate 1 is attached to the external 
terminal 8 on the periphery of the insulating 
substrate 1. The terminals 7 of the signal line drive 
5 circuit 4 are each accurately aligned with and then 

thermocompression-bonded to the line terminal 12 and 
the external line terminal 10, respectively. Normal 
conditions of the thermocompr ession bonding are: the 
maximum temperature of the conductive material of 170 

10 to 200°C, the thermocompr es sion bonding time of 5 to 

19 seconds, and the pressure of 30 to 100 MPa . By 
the thermocompression bonding under these conditions, 
the conductive particles 17 in the conductive 
material 16 placed between the terminals 7 of the 

15 signal line drive circuit 4 and the line terminal 12 

and the external line terminal 10 are flattened, as 
shown in Fig. 2, and become vertically conductive but 
remain horizontally insulative due to the insulating 
epoxy resin. After that, a moisture-resistant 

20 coating resin 18 is deposited with a dispenser around 

the signal line drive circuit 4 and over the 
connecting area of the flexible substrate 6. As 
described above, the transparent conductive film 15 
is formed above the line terminal 12, but not above 

25 the external line terminal 10, and the external line 

terminal 10 is connected directly to the terminal 7 
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of the signal line drive circuit 4 by the conductive 
material 16. 

This structure can prevent the increase in 
contact resistance that occurs when the external line 
5 terminal, formed by the low resistance conductive 

film, to input various signals is connected to the 
terminal of the drive circuit by the conductive 
material through the transparent conductive film. 
It is thus able to achieve a good electrical 

10 connection between the terminal of the drive circuit 

and the terminal on the insulating substrate. In 
this structure, the line terminal on the insulating 
substrate, formed by the high resistance conductive 
film, to transmit various signals from the terminal 

15 of the drive circuit to the pixel of the display area, 

is connected to the terminal of the drive circuit by 
the conductive material through the transparent 
conductive film, thereby also preventing the 
increase in contact resistance. Consequently, it 

20 enables a secure electrical connection between the 

terminals of the drive circuit and the terminals on 
the insulating substrate without increasing contact 
resistance, thus enhancing connection reliability. 
Though the low resistance conductive film may be made 

25 of any of Al , Cu, Au, or Ag, an alloy of those metals, 

or a laminated film of those metals to obtain the above 
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effect, it is preferred to use Al or an alloy of Al 
for its high corrosion resistance in the 
manufacturing process . 

EMBODIMENT 2 

The second embodiment of the present invention 
will be explained hereinafter with reference to Figs. 

3 and 4. Fig. 3 is a plan view of a drive circuit 
mounting area of a display device according to the 
second embodiment of the present invention and Fig. 

4 is a cross-sectional view along line IV-IV in Fig 
3. In Figs. 3 and 4, the same elements as in Figs. 
1 and 2 are denoted by the same reference symbols, 
and the explanation will be given on the differences. 
Figs. 3 and 4 illustrate the adjacent two drive 
circuits 4. The drive circuits 4 are connected by 
a drive circuit connecting line 19 connecting between 
the terminals formed at the sides of the two drive 
circuits 4 facing each other. If a signal is supplied 
from the signal line drive circuit 4 in the left to 
that in the right in Fig. 4, for example, the terminals 
7 of the signal line drive circuit 4 are connected 
to the terminal 20 for supplying a signal and to the 
terminal 21 for receiving the signal, both formed on 
the insulating substrate 1, by the conductive 
material 16 without through the transparent film. It 
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is thus able to prevent the increase in contact 
resistance, particularly when the drive circuit 
connecting line 19 is formed by a low resistance 
conductive film, achieving high connection 
reliability . 

It is preferred that the supply terminal 20 and 
the receive terminal 21 are placed on the insulating 
substrate 1 at the positions corresponding to the 
sides of the drive circuits 4 facing each other, as 
shown in Fig. 3, so as to shorten the drive circuit 
connecting line 19 and reduce resistance and a line 
area. The terminals, however, may be placed at any 
position on the insulating substrate 1, as long as 
it is close to the two facing sides of the drive 
circuits 4. For example, the supply terminal 20 
and/or the receive terminal 21 may be placed at the 
side close to the display area, as in the third 
embodiment and illustrated in Fig. 6, described later. 
Further, it is also preferred that the drive circuit 
connecting line 19 is formed in the same step as 
forming the scan line in order to reduce 
manufacturing steps . 

EMBODIMENT 3 

The third embodiment of the present invention 
will be explained hereinafter with reference to Figs. 
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5 and 6. Fig. 5 is a plan view of a drive circuit 
mounting area of a display device before a drive 
circuit is mounted, according to the third embodiment 
of this invention. Fig. 6 is a plan view of a drive 
circuit mounting area of another display device 
before a drive circuit is mounted, according to the 
third embodiment of this invention. In Figs. 5 and 
6, the same elements as in Fig. 1 to 4 are denoted 
by the same reference symbols, and the explanation 
will be given on the differences. Fig. 5 shows the 
terminals on the insulating substrate before the 
drive circuit is mounted. In this embodiment, the 
line terminals 12 to be connected to the lead lines 
13 connected to the pixels of the display area 2 are 
formed in the drive circuit mounting area of the 
insulating substrate 1 along the side adjacent to the 
display area 2. Two lines of the line terminals 12 
are formed in this example. 

This structure enables effective patterning of 
the line to be connected to the pixel in the display 
area, the line to connect the adjacent drive circuits, 
and the line to input power and signals from outside 
to the drive circuit without any redundancy, thereby 
preventing the increase in line resistance. As 
described in the first and second embodiments, the 
line connecting the adjacent drive circuits and the 
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line to input signals from outside to the drive 
circuit, which are formed by the low resistance 
conductive film, are connected to the terminals of 
the drive circuit by the conductive material without 
5 through the transparent conductive film, thereby 

achieving low resistance. Further, the line 

connected to the pixel in the display area, which is 
formed by a high resistance conductive film, is 
connected to the terminal of the drive circuit by the 

10 conductive material through the transparent 

conductive film, thereby also achieving low 
resistance. The supply terminal 20 and the receive 
terminal 21 formed on the insulating substrate 1 and 
connected by the drive circuit connecting line 19 

15 between the adjacent drive circuits may be placed at 

the positions corresponding to the facing sides of 
the adjacent circuits as shown in Fig. 5. 
Alternatively, the terminals 20 and/or 21 may be 
placed at the position corresponding to the side of 

20 the drive circuit close to the display area as shown 

in Fig. 6. The obtained effect is the same in either 
case . 

EMBODIMENT 4 

25 The fourth embodiment of the present invention 

will be explained hereinafter with reference to Fig. 
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7. Fig. 7 is a cross-sectional view of a drive 
circuit mounting area of a display device according 
to the fourth embodiment of this invention. In Fig. 
7, the same elements as in Fig. 1 to 6 are denoted 
5 by the same reference symbols, and the explanation 

will be given on the differences. In this embodiment, 
two external line terminals 10 connected to the 
external line 9 for supplying power from outside to 
the drive circuit are each connected to the terminal 

10 7 of the signal line drive circuit 4. Between and 

around the external line terminals 10 are the 
insulating film 11 and the protective film 14. This 
structure can prevent the increase in contact 
resistance due to contamination on the terminal 

15 surface, which occurs if a plurality of terminals of 

the drive circuit are connected to a single large 
terminal on the insulating substrate when inputting 
power from outside to the drive circuit. It is 
thereby able to enhance connection reliability. 

20 

EMBODIMENT 5 

The fifth embodiment of the present invention 
will be explained with reference to Fig. 8. Fig. 8 
is a plan view of a drive circuit mounting area of 
25 a display device before a drive circuit is mounted, 

according to the fifth embodiment of the present 
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invention. In Fig. 8, the same elements as in Fig. 
1 to 7 are denoted by the same reference symbols, and 
the explanation will be given on the differences. In 
this embodiment, at least parts of the external 
5 terminals 8 connected to the external flexible 

substrate are placed between the adjacent drive 
circuits. This structure can reduce the peripheral 
area outside the display area of the display device, 
enabling downsizing of the device. 

10 

EMBODIMENT 6 

The sixth embodiment of the present invention 
will be explained with reference to Fig. 9. Fig. 9 
is a plan view of a drive circuit mounting area of 

15 a display device before a drive circuit is mounted, 

according to the sixth embodiment of this invention. 
In Fig. 9, the same elements as in Fig. 1 to 8 are 
denoted by the same reference symbols, and the 
explanation will be given on the differences. In 

20 this embodiment, after the patterning of the lines 

and terminals on the insulating substrate, the 
conductive material 16 made of ACF and so on to cover 
the external terminal 8 to be connected to the 
external flexible substrate, the external line 

25 terminal 10 to be connected to the external line 9 

connected to the external terminal 8, and the line 
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terminal 12 to be connected to the lead line 13 
connected to the pixel of the display area 2 is 
deposited in one deposition step. By completing the 
deposition of the conductive material 16 in one step, 
5 manufacturing steps can be reduced. 

EMBODIMENT 7 

The seventh embodiment of the present invention 
will be explained hereinafter with reference to Fig. 

10 10. Fig. 10 is a cross-sectional view of a drive 

circuit according to the seventh embodiment of this 
invention. In Fig. 10, the same elements as in Fig. 
1 to 9 are denoted by the same reference symbols, and 
the explanation will be given on the differences. In 

15 this embodiment, the height of the terminal of the 

drive circuit which is connected to the terminal on 
the insulating substrate formed by the high 
resistance conductive film by the conductive 
material through the transparent conductive film is 

20 made to be relatively low, such as an output terminal 

7a of the drive circuit 4. On the other hand, the 
height of the terminal of the drive circuit which is 
connected to the terminal on the insulating substrate 
formed by the low resistance conductive film by the 

25 conductive material without through the transparent 

conductive film is made to be relatively high, such 
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as an input terminal 7b of the drive circuit 4. A 
process of forming the terminals of the signal line 
drive circuit 4 shown in Fig. 10 is as follows. 
Firstly, first aluminum electrodes 22 are formed on 
5 the drive circuit in the positions to place the output 

terminal 7a and the input terminal 7b. Then, a second 
aluminum electrode 23 is formed in the position to 
place the input terminal 7b, the one to be formed 
higher. Adjusting the thickness of the second 

10 aluminum electrode 23 allows adjusting the height 

difference of the output terminal 7a and the input 
terminal 7b. Finally, a protective insulating film 
24 is formed around the output terminal 7a and the 
input terminal 7b. 

15 It is preferred that the difference in height 

of the output terminal 7a and the input terminal 7b 
is substantially equal to a difference in height of 
the terminal of the insulating substrate connected 
the output terminal 7a and the terminal of the 

20 insulating substrate connected to the input terminal 

7b. Specifically, in the terminal structure in Fig. 
2, for example, the line terminal 12 to be connected 
to the lead line 13 connected to the pixel of the 
display area is connected to the terminal 7 of the 

25 signal line drive circuit 4 by the conductive 

material through the transparent conductive film 15. 
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On the other hand, the external line terminal 10 to 
be connected to the external line 9 for inputting a 
signal from outside is connected to the terminal 7 
of the signal line drive circuit 4 by the conductive 
material without through the transparent conductive 
film 15. Thus, the height difference of the two 
terminals 7 of the drive circuit 4 is preferably 0.5 
to 1 \im, which is the thickness of the transparent 
conductive film 15 plus the thickness of the 
insulating film 11 placed below the line terminal 1 2 . 
This structure can prevent faulty thermocompr es s ion 
bonding or faulty electrical connection which occurs- 
if the drive circuit 4 is inclined when mounted on 
the insulating substrate 1. It is thus able to 
enhance connection reliability. 

The first to seventh embodiments of this 
invention explained in the foregoing may be used in 
combination to produce each effect. Further, though 
the signal line drive circuit for supplying signals 
to the pixels in the display area is mainly explained 
as the drive circuit in the above first to seventh 
embodiments, the same structure as in the above 
embodiments may be applied to the scan line drive 
circuit for driving the pixels if the lead lines 
connected to the lines to be connected to the pixels 
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in the display area are formed by the high resistance 
conductive film just like the lead lines connected 
to the terminals of the signal line drive circuit. 
Furthermore, this invention is not limited to the 
5 structure of layers or the order of lamination 

described in the first to seventh embodiments, and 
it is applicable to any display device having a drive 
circuit mounted directly on the terminals of an 
insulating substrate and provided with low 

10 resistance lines. 

Though the first to seventh embodiments are 
described in conjunction with the liquid crystal 
display devices, the present invention is not limited 
thereto, and it may be applied to electroluminescence 

15 display devices or any other display devices in which 

a drive circuit is mounted directly on the terminals 
of an insulating substrate. 

The present invention enables a secure 
electrical connection between the terminals of the 

20 drive circuit and the terminals on the insulating 

substrate without increasing contact resistance, 
thereby enhancing connection reliability. 

From the invention thus described, it will be 
obvious that the embodiments of the invention may be 

25 varied in many ways. Such variations are not to be 

regarded as a departure from the spirit and scope of 
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the invention, and all such modifications as would 
be obvious to one skilled in the art are intended for 
inclusion within the scope of the following claims. 
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